Rapid Estimation of Albumin and Globulin in Serum by Elution after Micro-Electrophoresis
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albumin ----%T.P., O·6E A+E G globulin=T.P.-albumin, both in g/l00 ml, where E A and E G are the optical extinctions for albumin and globulins, and T.P. is the total protein in g/IOO ml.
liquid are transferred to a clean tube and acidified with 0·3 ml of 40 % acetic acid. The optical extinctions (E) of the red solutions are then measured against water, at 520 mu, (A Hilger Spekker absorptiometer, with Kodak No. 552 filters and one-em low-capacity cells, is used in this laboratory.)
The results are obtained using the conversion factor for albumin (see Results section) and from the total protein figure obtained by any suitable method. The calculation is :
The estimation of total protein, albumin and globulin, and a qualitative opinion on the appearance of the electrophoretic pattern are probably the most useful combination of data for routine clinical purposes. In this laboratory cellulose acetate electrophoresis is used to obtain the pattern. The same strip is then used for a rapid and simple determination of albumin and globulin levels by elution. This method is described and evaluated, using a series of sera from normal subjects, and comparisons with two automatic scanners. The use of chloroform as a clearing agent overcomes the difficulties inherent in previous elution methods.
Method
Electrophoresis is carried out on cellulose acetate strips, according to Kohn's (1958) method, in a Shandon tank, using 800 ml of a 0·0525 M, barbitone buffer pH 8·6, and applying about 2fl.1 serum. After electrophoresis the strips Results
The chloroform used may facilitate the elution, in 3 %w/v trichloroacetic acid) for 5-10 minutes. but its important function is to remove any
The strips are then washed by moving them turbidity, leaving a clear supernatant liquid. The through a succession of dishes containing 5 % final red colour is stable for several hours. The acetic acid; four washings of 2-3 minutes each plot of stain-concentrations against optical are sufficient to give a colourless background. extinctions is linear up to E, 0·80, which is well The first dish is emptied after each tank load of above the highest reading likely to be obtained. strips, filled with fresh acid and removed to the When known dilutions of normal serum are fourth place for the final washing. The strips applied on c.A. strips, stained and eluted, the may be overwashed if left in the washing fluid extinctions plotted against the amount of neat for a long time; in this case the globulins are serum applied on the strip give a straight line washed out more than the albumin. even beyond 4·0 fl.l of serum (corresponding For reporting, the strips are best· inspected to E=0·80). while wet. They are then dried for the quanti-
The conversion factor used in calculating the tative estimation. After blotting off the excess results was obtained by carrying out the electroof washing fluid, drying is carried out by leaving phoretic and elution procedures on a series of the strips on the bench, between two filter papers, normal sera. These were obtained from 61 for 3-4 hours.
volunteers (30 males, ages 18--67 years, mean The dried strip is inspected for any patches of 38 years, and 31 females, aged 18-58 years, mean stain that may be present at the edges which are 33 years) (lngarfill, 1963) . then cut off. The strip is divided in two portions, Total serum protein was estimated in a one containing the albumin and the other the Technicon Auto-Analyser, (average normal globulin. Each portion is placed in a centrifuge 6·7 g/l00 ml) and the optical extinction values tube after cutting it into small pieces, 4·0 ml of were converted to notional .. albumin" and 0·1 N sodium hydroxide are added to each tube .. globulin " figures as simple proportions of the and the contents are swirled several times. After total protein result. The .. albumin" values of 10 minutes, 2·0 ml of chloroform are added. The these normal sera ranged from 4·0 to 5·6 g/l00 tubes are shaken vigorously for about 20secs. and ml (mean 4·80 g/IOO ml). A factor was then then centrifuged. 3·0 ml of the supernatant sought which would convert extinction readings to give generally accepted normal values (Owen, 1958 ; Ehrmantraut, 1958 ; Brackenridge, 1960 ; Stewart and Dunlop, 1962; Cantarow and Trumper, 1962) . Multiplying the albumin reading by 0·6 before converting E values into g/IOO ml gave a normal albumin range of 3·3-4·9 g/IOO ml (mean 4·03 g/IOO ml; 90% limits 3·6-4·5 g/l00 ml). The globulin range was 2·1-3·2 g/IOO ml (mean 2·68 g/IOO ml; 90% limits 2·2-3·2 g/IOO ml). The A/Oratio ranged from 1·10 to 2·06 (mean 1·50; 90% limits 1·23-1·97). This factor has been adopted for routine use.
To test the reproducibility of results the albumin and globulin levels of the same serum (total protein: 7·0 g/IOO ml) were evaluated 30 times; the electrophoretic strips were obtained from six different runs, and two different batches of stain solution were used for staining them. The amount of serum applied was also varied (the optical extinction for albumin varying from 0·10 to 0·40). The figures summarised in The results of the present method were then compared with the results reported by the Postgraduate Medical School of London in the course of their routine work, using paper electrophoresis, amino black stain and a Zeiss type II scanner with integrator.
The quantity chosen for comparison was the A/Oratio, used not as a meaningful chemical or clinical measurement but as a convenient figure, independent of the total protein level. (There was a small systematic difference between the total protein results of the two laboratories.)
The elution method gave a higher A/o on 17 sera (with mean difference of 0·14), a lower A/Oon 18 sera (with a mean difference of 0·08) and the same A/O on 4 sera. For the total number of 39 sera examined the mean difference was ±0·1O (S.D. 0·099 around the mean difference). A second comparison was made by carrying out cellulose acetate electrophoresis in duplicate on 24 sera, eluting one strip by the present method, and scanning the other on 11 .. Chromoscan " recorder. The strip was cleared in oil (a condition found necessary if the results from both sides of the strip were to be consistently the same), and was scanned with the blue filter and 5-034/B cam provided with the instrument. The A/O ratio was retained as the comparison in this series.
The difference (A/G elution-A/G Chromoscan) was found to increase with increasing A/G as shown in the graph of Fig. 1 . On the average
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..r:: the two methods gave the same results only for one value of the A/G, namely 0·6 One reason for this discrepancy is that under the experimental conditions used the rate of increase of the Chromoscan readings are not proportional to the rate of increase of the red colour on the C.A. strip. A cam calibrated for the method would probably eliminate this discrepancy. Summary An improved rapid estimation of albumin and globulin in serum is described consisting of electrophoresis on cellulose acetate, elution of the Ponceau S dye and colorimetry. Chloroform added to the eluates gives clear final solutions, A conversion factor is used to bring the results in line with generally accepted protein values. The mean normal serum protein by this method is: total protein 6·7 glloo ml; albumin 4·0 g/loo rnI; globulin 2·7 g/IOO ml; albumin/ globulin 1·5 (90% limits: total protein 6·3-7·2 g/loo ml ; albumin 3·6-4·5 glloo rn1 ; globulin 2·2-3·2 g/loo ml).
